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(71) We, UNITED STATES 
GYPSUM COMPANY, a Corporation 
organised and existing under the laws of the 
State of Delaware, United States of 
5 America, of 101 South Wacker Drive, 
Chicago, Illinois 60606, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 

10 to be performed, to be particularly 
described in and by the following 
statement: — 

This invention relates to an improved 
process for the recovery of phosphate 

15 values from phosphatic-mineral-containing 
material; and more particularly relates to 
chemically leaching phosphate values from 
phosphatic-mineral containing materials 
containing also calcium with a novel 

20 mixture leach acid. 

Production of phosphorus-containing 
products is a long established and 
commercially important industry and with 
the demand rapidly rising, especially in the 

25 production of food for the growing world 
population, phosphorus becomes 
increasingly more important to the overall 
world need. Thus there is a need for an 
improved process for the treatment of 

30 phosphatic materials, and more parti- 
cularly to the selective extraction and con- 
centration of phosphate values from a wide 
range of phosphatic materials, including 
besides rock, as-mined phosphate ores and 

35 phosphatic waste materials regardless of 
contaminating chemical and mineral 
impurities such as iron oxide, aluminum 
oxide, silica, and clay, or their quantity in 
the phosphatic mineral source. 

40 Prior processes for the production of 
most phosphate products require phos- 
phate rock. Phosphate rock for phosphate 
processes must be relatively free of sand, 
slimes, and iron oxides, aluminum oxide, 

45 and any other impurity that chemically 
interfered with the solubllizing and separa- 
tion of phosphate. Also, rock must have 
removed from it those minerals which 
interfere with the chemical processing _ 



operation such as filtration, crystallization, 50 
solubilization, etc. 

The operations of converting phosphate 
ore to phosphate rock are costly and 
produce adverse environmental con- 
ditions. Besides contamination of the 55 
surrounding area with salts, the removal of 
slimes (iron minerals, aluminium minerals, 
and other fines) produces large slime ponds 
which take years to eliminate. Further, 
processing losses of phosphate values for 60 
rock production can be as much as 40 
percent. In addition many sources of 
phosphatic materials cannot be so 
processed. 

The processing of phosphate rock 65 
whether by the wet method, that is present 
day chemical extraction, or the furnace 
method will also produce problems of con- 
taminating the surrounding environment 
unless extensive and costly provisions are 70 
made to contain the obnoxious chemicals. 

While there are patents which may deal 
with a weak acid alone they have a number 
of deficiencies. British Patent 938,468 and 
published Dutch application 700,258 allude 75 
to some attempt to utilize a weak acid in a 
wet method but such require inter alia either 
great insufficiencies or excesses of acid 
quantity; over-stepping or under-stepping 
multiple additions to stationary leacning 80 
vessels; and obtaining monbcalcium 
phosphate leach liquors. In addition, 
investigation indicates these processes 
never achieved any degree of commercial 
acceptance. 85 

This invention both eliminates the need 
for the production of phosphate rock and its 
adverse affects such as slime ponds, etc., 
and" also the obnoxious chemical con- 
tamination produced by the processing of 90 
rock to phosphate products in a commer- 
cially feasible process. 

Thus it is an object and advantage of the 
present invention to chemically extract or 
leach phosphate values from phosphatic- 95 
mineral-containing material containing also 
calcium. 

^Another object and advantage is the effi- 
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cient recovery of phosphatic values of high 
purity and concentration from a wide range 
of phosphatic-mineral-containing materials 
including rock, as-mined phosphate ores 
5 regardless of their contaminating chemical 
and mineral impurities or the quantity of 
such impurities, phosphate waste materials 
and other difficult or heretofore unusable 
phosphatic materials. 
10 Still another object and advantage is the 
efficient recovery of phosphate values from 
any phosphatic-mineral-containing 
material, eliminating the need for the 
production of phosphate rock and its 
15 adverse effects including slime ponds and 
problems of contaminating the surround- 
ing environment and also the obnoxious 
chemical contamination produced by the 
processing of rock to phosphate products. 
20 Still a further object and advantage is 
producing by the same conditions a product 
which is both already suitable for animal 
feed and agricultural fertilizer, and yet also 
readily converted to the many other agri- 
25 cultural and industrial phosphate products 
without costly purification operations or 
means of control of pollution to the 
surrounding environment. 

Still another object is leaching phos- 
30 phate values whereby there is present a 
sufficient quantity of hydrogen ion to 
replace the calcium ion in the phosphorus 
material source thus making phosphoric 
acid but in which there is no excessive 
35 hydrogen ion such as is now practiced in 
present day processes, yet there is further 
present sufficient calcium ion in solution to 
control selective extraction and concen- 
tration of phosphate values apart from 
40 chemical and mineral impurities. 

Still another object and advantage is 
leaching soluble phosphate values from 
phosphate bearing ores without going 
through the process requirements of up- 
45 grading phosphate ore to phosphate rock. 
Still another object and advantage is 
leaching soluble phosphate values select- 
ively with only minute amounts of metals 
and other minerals and chemicals. 
50 A further object and advantage is 
leaching phosphate values in a manner 
which will not cause excessive corrosion to 
the leaching equipment and which allows 
the use of less costly equipment. 
55 Still another object and advantage is 
selectively leaching phosphate values from 
phosphatic materials in which a filter aid 
media is produced in the leaching zone and 
is thus available for assistance in separation 
60 of the leach liquor and the phosphatic 
source material tailings. 

Still further objects and advantages are 
minimizing or avoiding foaming in the 
leaching operation; utilizing part of the 
65 material feed to reduce subsequent stage 



neutralizing agent addition; providing for 
ready separation of source material tailings 
from the leach liquor and improved 
filtration at various stages, and selectively 
extracting phosphate values in a form in 70 
which they are readily converted to a wide 
variety of agricultural grade and industrial 
grade products. 

The invention will be described further, 
by way of example, with reference to the 75 
accompanying drawings, in which: — 

Figure 1 is a chart depicting the 
relationship between normality of total acid 
and percent recovery of phosphate values 
during a first extraction; 80 

Figure 2 is a chart depicting the 
relationship between an acid mixture of 
varying proportions of sulfuric acid and 
hydrochloric acid and percent recovery of 
phosphate values during a first extraction; 85 
and 

Figure 3 is a flow chart of a preferred 
embodiment of the present invention. 

In U.K Specification No. 1,376,320 the 
advantages of using dilute hydrochloric acid 90 
or nitric acid for the recovery of phosphate 
values were illustrated, as shown in Figure 
1. It has now been found that a primary 
objective in leaching phosphate values is to 
have a sufficient quantity of hydrogen ion to 95 
replace the calcium ion in the phosphatic- 
mineral-containing source material to 
produce phosphoric acid, but that there 
should not be any substantial excess hydro- 
gen ion such as now practiced in present 100 
day processes and there should be suffi- 
cient calcium ion present to control the 
concentration and formation of hydro- 
fluoric acid. After extensive experimen- 
tation it has been found that this cannot be 105 
satisfactorily obtained using one dilute acid 
alone but can be obtained using acid 
mixtures of either hydrochloric acid or 
nitric acid with sulfuric acid. 

According to the present invention there 110 
is provided a process for chemically 
leaching phosphate values from phosphatic- 
mineral-containing material, containing also 
calcium, comprising the steps of contacting 
the phosphatic material with a leach acid 115 
mixture of sulphuric acid and an acid 
selected from either hydrochloric acid or 
nitric acid in amounts ranging from 0.0956 
to 0.1294 moles of sulfuric acid, from 0.0637 
to 0.0861 moles of either hydrochloric acid 120 
or nitric acid and from 44.40 to 60.80 moles 
of water per mole of P 2 O s in the phosphatic 
material, whereby approximately 1 mole of 
calcium per mole of P 2 O s is leached from 
the phosphatic material and withdrawing a 125 
phosphatic acid leach liquor containing 
between 5% and 7% by weight of P 2 O s . 

According to a further feature of the 
invention the process includes the additional 
steps of raising the pH of the withdrawn 130 
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liquor to between 2 and 3 to precipitate im- 
purities, separating the impurities precipi- 
tated then raising thepH to between 3 and 5 
to precipitate calcium phosphate, and 
5 separating the precipitated calcium phos- 
phate. Suitably the pH of the leach liquor is 
first raised to 2.2 to precipitate iron and 
aluminium impurities, these impurities 
separated and the pH then increased to 2.8 
10 to precipitate fluoride impurities, these im- 
purities separated and the pH then finally 
increased to between 3 and 5. 

In engineering terms, on a 100% acid 
basis, the mole proportions of the aqueous 
15 leach acid mixture are equivalent to 0.0869 
to 0.1175 tons of sulfuric acid, 0.0216 to 
0.0292 tons of hydrochloric acid or 0.0372 
to 0.0504 tons of nitric acid, and 0.7415 to 
1.0033 tons of water per ton of P 2 0 5 in the 
20 phosphatic material. A particularly suitable 
leach acid mixture contains 0.750 moles of 
hydrochloric acid or nitric acid (0.0254 tons 
or 0.0438 tons respectively), 1.125 moles of 
sulfuric acid (0.1022 tons) and 52.29moles of 
25 water (0.8724 tons). 

The phosphatic material is suitably 
contacted at a rate of 13.7 to 16.7 tons of 
leach acid per ton of P 2 O a in the phosphatic 
material. In a particular system for 
30 optimum extraction efficiency operating at 
a contact rate of 15.2 tons of leach acici 
mixture per ton of P 2 0 3 in the rock being 
treated there will be presented to the 
phosphatic material the optimum pre- 
35 ferred proportions of about "0.386 tons of 
hydrochloric acid, or 0.666 tons of nitric 
acid, about 1.55 tons of sulfuric acid and 
about 13.25 tons of water per ton of P 2 0 5 in 
the phosphatic material. 
40 In contradistinction to published state- 
ments in patent literature, it has been found 
that utilising leach acid mixtures and con- 
centrations in accordance with the inven- 
tion, the manner in which the phosphate- 
45 containing- material and leach acid were 
brought together made no difference. Thus 
adding leach chemicals so as . to maintain 
any given acidity concentration, making 
counter-current flows between the 
50 phosphate material and the acid or varying 
the agitation had no substantial effect on 
selectively leaching the phosphate values in 
the phosphate- mineral-containing sources. 
The significant features are the con- 
55 centration of the original leach acid mixed 
acids and the quantity of leach acid mixture 
per unit of P 2 0 3 in the phosphatic material. 
It was found, at ambient temperatures with 
stated proportions and concentration, that 
60 the reaction rate for solubilising the 'phos- 
phates is so rapid, e.g. less than 15 minutes, 
and the reaction rate of the impurities so 
slow, e.g. better than 4 hours, that little con- 
tamination of the leach liquor by the 
65 mineral impurities occured. 



With the leach acid mixtures according to 
the invention there is a control of the 
amount of calcium coming from the phos- ' 
phatic-mineral source material. The com- 
bination of the two acids provides acid 70 
moiety for solubilising phosphate and 
calcium while the proportioning between 
the two acids provides sulfate moiety to 
control or prevent too much calcium in 
solution. If the amount of calcium in 75 
solution in the leach acid is not at its maxi- 
mum concentration relative to the digestion 
of phosphate, some of the hydrogen ion 
present is being used to first solubilize the 
calcium and the remaining acid will begin to go 
solubilize the other mineral impurities 
associated with the phosphatic-mineral- 
containing material. However, if the 
solubilized calcium content is too high then 
the acid will be exhausted in maintaining 85 
that solubility at the expense of digesting 
the phosphate of the feed material. 

As shown in Figure 1 when the total acid 
present is around 3 normal there is a greater 
than 85% recovery of phosphate values on a 90 
first extraction. Using a preferred first 
contact with about 90% of the total leach 
acid quantity and a second contact with the 
remaining quantity of leach acid or second 
extraction provides in practice over 95% 95 
recoveries. As can be seen from Figure 1 
the total acid concentration can vary widely 
around the preferred 6 equivalents of acid 
per mole of P 2 0 3 without substantial loss of 
efficiences of leach. However any further 100 
variance does materially affect efficiency 
and the tolerable loss of efficiencies will 
depend on the economies of the particular 
phosphatic source material. Thus waste or 
trash materials may tolerate commerical 105 
losses which would be intolerable com- 
mercially for clean high grade ore or other 
marketable source materials. Also second 
ex-tractions provide inccreased recoveries 
and in some cases it is desirable to operate no 
at lower efficiencies for a first of multiple 
extractions. 

A leach acid having other than the 
proportions specified will not provide suffi- 
cient calcium in solution as to prevent 115 
solubilizing appreciable amounts of impuri- 
ties or leaching too much calcium ion in 
solution, which results in a chemical 
blocking of the extraction in that it becomes 
saturated with respect to solubilized 120 
calcium and then there is insufficient free 
hydrogen ion available to dissolve more 
phosphate. It has been found that the 
resulting leach liquor should be withdrawn 
from the leach zone when it contains a 125 

5 — 1°/ 0 p 2 o 3 content, and preferably 

6— 6.5% P 2 O s content. If the leach is 
allowed to go above this range, then the 
leach liquor becomes saturated with 
calcium and does not extract more 130 
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phosphate values except by the introduc- 
tion of increasing amounts of impurities. 

The relatively dilute phosphate value in 
this phosphoric acid leach liquor may then 

5 be separated, purified and concentrated 
from the solution by partial precipitation of 
the minute quantities of minerals therein 
such as principally aluminium, iron and 
fluoride. It can then be concentrated to 

10 better than 40% P 2 O a as dicalcium 
phosphate using an alkaline material for 
neutralization. The resultant dicalcium 
phosphate is of technical grade, and 
therefore may be converted to the other 

15 many phosphate products readily, by well 
known existing processes with no emissions 
of obnoxious gases or materials. 

Referring to Figure 3, there is shown a 
flow chart of a preferred embodiment 

20 of the present process. In this preferred 
embodiment a phosphatic-mineral-con- 
taining source material, as-mined ore, is 
crushed if necessary by a jaw crusher and an 
impactor and sized (1). The object of sizing 

25 the ore is to primarily provide a coarse 
crushing so as to avoid the presence of sub- 
stantial quantities of very fine particles and, 
in particular, sands and silica fines, which 
may affect filtration of tailings depending 

30 upon the character of the ore source. 
Twelve mesh sizing is insufficient for ore 
extraction by the present process, but it was 
determined in pilot plant operations that, 
for the size of the leaching equipment used, 

35 more uniformity of leaching results by 
maintaining a more uniform smaller sizing 
of the particles. The impactor sizes the ore 
to pass through preferably an about 60 mesh 
Tyler screen. It may be advantageous to 

40 perform a simple washing out of silicas and 
sands from the ore before passing the ore to 
the pug mill (2) for wetting by the leach 
liquor filtrate, underflow from filter (6), and 
removal of the calcite mineral contained in 

45 the ore. 

Pre-wetting and degassing of the 
phosphate bearing mineral material is done 
with a pug mill type of mixer (2), using the 
phosphoric acid in the leach liquor. Gas, 

50 carbon dioxide from the calcite, it was 
observed prevented leach acid penetration' 
with certain phosphate mineral sources by 
causing a flotation effect on the ore. Also, if 
the phosphate is leached together with the 

55 calcite, a foam is created that is difficult to 
eliminate. Passing the ore through the pug 
mill with a small amount of leach liquor 
overcomes these problems. The amount of 
leach liquor to be recycled to the pug mill is 

60 dependent on the amount of calcite present 
in the particular phosphate mineral source 
material. This pre-wetting solubilizes and 
removes the calcite in the ore before the 
main body of leach acid is added. 

65 From the pug mill (2) the slurry of 



crushed ore and leach liquor goes to settler 
(3) for separating the ore from the gas and 
supernatant partly neutralized leach liquor; 
and the underflow from settler (3), which is 
wetted and degassed ore, then goes to the 70 
first leach drum (4) while the overflow 
passes to mixer (7). 

In this preferred embodiment two 
successive leach vessels (4) and (5) are 
utilized for most efficient leaching. While 75 
any leaching vessel that is known in the 
trade may be used, it is preferred to take 
advantage of a sluicing type mixing, such as 
accomplished by a drum with lifter vanes 
rotating on its horizontal axis since the 80 
quantity of liquid is rather large with 
respect to the solids present and since there 
are usually abrasive particles such as sharp 
silica particles in the phosphatic mineral 
source material which are detrimental to 85 
turbine mixing. While all of the leaching 
may be accomplished in a single leaching 
vessel, any number of vessels may be used 
and it is preferred for higher efficiencies 
that about 90% of the quantity of leach acid 90 
be added to a first leaching vessel such as 
drum (4) and the remaining 10% quantity be 
added to a second leach vessel such as drum 
(5). The data set forth in Figure 1 and 2 
represent efficiencies attained in the first 95 
drum (4) to which 90% of the quantity of 
leach acid is added to leach the phosphate 
from the ore by being gently slurried with 
the ore. In the drums, funnel-shaped lifters 
are so arranged that as the drum rotates on 100 
its horizontal axis, the lifters pick up the 
liquid and solid in the large opening of the 
funnel, and as they become increasingly 
constricted by the funnel narrowing, 
slurrying is caused by the increase in 105 
velocity which produces turbulence 
resulting in excellent sluicing action. 

From the first leach drum (4), with a 
retention time of approximately 15 minutes 
the slurry is passed to a second leach drum 1 10 
(5) with the remaining quantity of leach acid 
being added. Approximately 90% of the 
reaction takes place in the first leach drum, 
dependent on the type of phosphatic 
mineral source material leached. The data 115 
utilized in assembling Figures 1 and 2 were 
taken from such a first extraction. The 
second leach drum (5) completes the 
reaction with better than 98% of the 
phosphate being extracted from the 120 
phosphatic minerals source material. In 
contrast hereto in commercial operations 
by the utilization of rock, at this stage of 
processing, there have been losses of up to 
45% of the phosphate values from the 125 
starting ore. 

Total time for extraction in the leach 
zone, represented in the preferred embodi- 
ment by the two leach drums (4) and (5), is 
not more than about 1/2 hour and the 130 
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temperature is preferably approximately purification concentration are commenced 
120°F. As the leaching reaction is slightly by additions of any alkaline material to raise 
exothermic; the process is run at ambient the pH of the filtrate. It is preferred on 
temperatures without applied heat and initial partial precipitations to use the 
5 allowed to rise exothermically. It is pref- supernatant partly neutralized teach liquor 70 
erred to allow the temperature to rise to drawn off from settle (3) containing the 
100 — 140° F. As operation temperatures rise calcite mineral of the ore to offset the alkali 
substantially over 140°F the proportions of requirements required in neutralizing the 
impurities solubilized increases substan- leaching liquor as shown in Figure 3. It is 

10 tially, since phosphate solubility has a low additionally preferred on initial partial 75 
activation energy and there-fore is not precipitations to add calcite (ground lime- 
greatly affected by such increased tern- stone) by sifting it over a broad cascading 
peratures but the impurities solubilities stream of leach liquor filtrate as it goes into 
have greater activation energies and are the mixer (7). This is done to disperse the 

15 more affected by such increased tempera- alkali as extensively as possible, so as to 80 
tures. It is preferred that the temperature cause a minimum of precipitation of 
generally be 120— 135°F, and particularly calcium phosphate at this stage. The 
approximately 120°F, so as to produce a quantity of alkali added is that which will 
gypsum in the extraction zone which bring the pH of the solution into the range 

20 becomes a filter aid for the leach liquor, of 2 — 3, and more preferably in step-wise 55 
Maintaining the temperature from 120*F to fashion to first 2.2 approximately to precipi- 

I35°F will produce a stubby monoclinic tate small amounts of iron and aluminium 

gypsum that assists in filtering the ore which may have been solubilized in the 

tailings. This temperature range is then leach. Continuing neutralization to a pH of 

25 desirable when off grade phosphatic- 2.8 approximately precipitates fluoride, and 90 

mineral-source materials are being treated this can be done as above, but more 

which have characteristics which make preferably with lime instead of calcite. Thus 

handling of the tailings difficult, but such lime is added to mixer f8) and the fluoride is 

temperature range is neither necessary nor precipitated, preferably following by fil- 

30 desirable for phosphatic mineral source tering and a water wash, which may be a 95 

materials that do not give rise to tailings double wash or more washes, as shown in 

which are difficult to filter. Also at these Figure 3 for filter (6), to separate the 

temperatures materials such as plastics and fluoride. 

neoprene elastomers may be used for the From mixer (8), the slurry is sent to a 

35 equipment since they will not corrode or be settler (9) to settle out any remaining preci- joo 

adversely effected. pitated impurities. The under-flow of settler 

From the extraction zone represented by (9) with the iron, aluminium, fluoride and 

the two leach drums (4) and (5), the slurry is other minerals precipitated is optionally 

passed to a filter (6) to separate ore tailings recycled to the first leach reactor (4) where 

40 from the leach liquor. Separation of the ore any calcium phosphate that may also have 105 

tailings from the leach liquor can be done been precipitated is redissolved for high 

by simple and inexpensive extractor type efficiency operation. The iron, aluminium 

filters such as those manufactured by and fluoride impurities remain in the solid 

EIMCO. It has been found that the gypsum form and may then be filtered and disposed 

45 produced in the extraction zone is of a along with the tailings from filter (6). 110 
crystal type that disperses the plastic clay- The overflow of settler (9) goes to mixer 

like materials along with the rest of the (10), where sufficient alkali is added to 

tailings throughout the total filter cake. This precipitate the phosphate from the solution, 

leaves the filter cake readily permeable for preferably as calcium phosphate. 

50 dewatering and washing, two water washes Generally, thus, the pH is raised to the 115 

being shown in Figure 3. The tailings from range of 3 — 5 and preferably about 4.4. The 

the filter are semi-dry with approximately manner of introducing the alkali is pref- 

30°£ moisture and can be used for land fill erably the same as was done for mixer (7), 

such as of the pit from which the ore was accompanied preferably by filtering and 

55 removed. - - . washing with an extractor type filter 120 

Although the resulting relatively dilute (EIMCO), which also produces a well 

leach liquor may be used directly for agri- washed product free of chloride. The alkali 

cultural products, it is generally found used may be of any type; however, it is 

desirable to concentrate and purify the preferred that it be either calcium 

60 leach liquor by step-wise precipitations to carbonate or calcium hydroxide for reasons 125 

first precipitate and separate minute of economy and availabiity. Preferably, 

impurities and then precipitate and separate slaked lime, calcium hydroxide, is added to 

calcium phosphate. mixers (8) and (10). The slurry is then 

The filtrate from filter (6) is passed to passed from mixer (10) to filter (11), 

65 mixer (7) in which partial precipitation and wherein the precipitated calcium phos- 130 
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. phate is dewatered and washed, preferably 
with two water washes as shown in Figure 3. 
The washed calcium phosphate material 
can then be dried and granulated for direct 
5 use in an animal feed or fertilizer, or may be 
further processed as described hereinafter. 

The filtrate from filter (11) passes to 
mixer (12). Here the filtrate from the 
dicalcium phosphate separation can be 
10 diluted with all or any portion of the filter 
washes, and whatever necessary water 
make-up for recycle leach acid is added and 
mixed with sulfuric acid and a water soluble 
alkali metal salt of the hydrochloric or nitric 
15 acid to produce the mixed acid for a 
recycling to a new leach cycle. The water 
soluble alkali metal salt is added to make-up 
for slight salt losses, if any,, of the hydro- 
chloric acid or nitric acid. Thus preferably 
20 sodium chloride would be added to make 
up for chloride losses, estimated to be 
generally less than 1% loss of hydrochloric 
acid, in the process and an alkali metal 
nitrate to make up for possible nitrate losses 
25 estimated to be generally less than about 1% 
loss of nitric acid. In pilot plant operation, 
the additional alkali metal from the salt 
addition was proven beneficial in the 
overall process and did not accumulate in 
30 the recycle streams. The so-produced 
recycle acid is a slurry of the mixed leach 
acid and gypsum, and returns to the leach 
drums (4) and (5) for the next leach cycle. 
The precipitated calcium phosphate, de- 
35 watered and washed from filter (1 1) may be 
made into additional agricultural or 
industrial products. If phosphoric acid is to 
be the final product, then sulfuric acid is 
added in stoichiometric amounts and the 
40 by-product gypsum precipitated is removed 
by filtration. In this fashion, phosphoric acid 
of 40% P 2 0 5 is readily produced, which is 
suitable directly for the production of, for 
example, diammonium phosphate or poly- 
phosphoric acid (super phosphoric) by con- 
centration. If ammonium phosphate is to be 
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produced, acid ammonium sulfate is used in 
place of the sulfuric acid. If desired the acid 
ammonium sulfate can be obtained by 
adding to each mole of sulfuric acid one 50 
mole of ammonium sulfate or by am- 
moniation of the sulfuric acid directly. 
Again, as with the phosphoric acid product, 
by-product gypsum is precipitated and is 
separated by filtration. In similar fashion, 55 
potassium, sodium and the like salts of 
sulfate can be converted into a salt of 
phosphate. The advantage of making such 
phosphate salts directly rather than first 
producing phosphoric acid, as is common to 60 
the industry, is that only half as much acid is 
required to convert the dicalcium 
phosphate obtained above. These salts, 
being neutral, can be crystallized or 
granulated by known processes and 65 
technologies for the production of further 
final products. When nitric acid is used in 
the mixed leach acid, stainless steel equip- 
ment may be used in which one need not 
guard against hydrochloric acid corrosion 70 
and further various nitrates and nitrites can 
be produced as products. 

The following specific Example is 
intended to further illustrate the present 
invention in several of its aspects and is not 75 
to be considered as limiting thereof. 

EXAMPLE 
The highly preferred embodiment of the 
process was applied to a number of highly 
divergent phosphatic-mineral source 80 
materials. Tabulated in the Table are the 
results of pilot plant runs, following the 
highly preferred embodiment shown in 
Figure 3 and using the illustrative optimized 
conditions set forth for that figure, on 85 
California as-mined ore from Pine 
Mountain California; Florida as-mined ore 
from Bartow Florida; Idaho as-mined ore 
from Montpelier; an upgraded Florida 
"trash" concentrate from Bartow and 90 
Sahara rock from Africa. 
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is not so limited and while reference has 
been made to as- mined phosphate ore it is 
apparent that any phosphatic-mineral-con- 
taining material containing also calcium 
5 may be employed in the present process. 
While reference has been made to highly 
preferred optimum concentrations and 
proportions of the leach acid chemicals, 
Figures 1 and 2 show that such may be 

10 varied considerably while obtaining the 
objects and advantages herein. Reference 
to preferred equipment, temperatures, 
recycle steps, reconstitution steps, washing 
and filtration steps are for purpose of maxi- 

15 mizing commercial efficiencies and are not 
necessary to basic operability of the process 
disclosed. 

WHAT WE CLAIM IS:— 

1. A process for chemically leaching 

20 phosphate values from phosphate-mineral- 
containing material, containing also 
calcium, comprising the steps of contacting 
the phosphatic material with a leach acid 
mixture of sulfuric acid and an acid selected 

25 from either hydrochloric acid or nitric acid 
in amounts ranging from 0.0956 to 0.1294 
moles of sulfuric acid, from 0.0637 to 0.086 1 
moles of hydrochloric acid or nitric acid 
and from 44.40 to 60.80 moles of water per 

30 mole of P 2 O a in the phosphatic material, 
whereby approximately 1 mole of calcium 
per mole of P 2 q 3 is leached from the phos- 
phatic material and withdrawing a 
phosphoric acid leach liquor containing 

35 between 5% and 7% by weight of P 2 O a . 

2. A process according to claim 1 
including the additional steps of raising the 

CH of the withdrawn leach liquor to 
etween 2 and 3 to precipitate impurities, 
40 separating the impurities precipitated, then 
raising the pH to between 3 and 5 to preci- 
pitate calcium phosphate and separating the 
precipitated calcium phosphate. 

3. A process according to claim 2, 
45 wherein the pH of the withdrawn leach 

liquor is first raised to 2.2 to precipitate iron 
and aluminium impurities, separating said 
impurities increasing the pH to 2.8 to pre- 
cipitate fluoride impurities, separating said 
50 fluoride impurities and finally increasing 
the pH to between 3 and 5. 

4. A process according to any of the pre- 
ceding claims, wherein the leach acid 
mixture contains proportions of 0.750 moles 

55 of hydrochloric acid or nitric acid, 1.125 
moles of sulfuric acid and 52.29 moles of 
water. 



5. A process according to any of the pre- 
ceding claims, wherein in contacting the 
leach acid mixture with the phosphatic 60 
material the temperature is maintained at 
100—140° F. 

6. A process according to Claim 5, 
wherein the temperature is maintained at 
120— 135°F whereby a filter aid gypsum is 65 
produced. 

7. A process according to Claim 6, and 
including the additional steps of separating 
and recovering the filter aid gypsum. 

8. A process according to any of the 70 
preceding claims and including the addi- 
tional step of pre-wetting the phosphatic- 
containing- mineral source material with a 
portion of leach liquor filtrate containing 
from 5% to 7% by weight P 2 0 3 . 75 

9. A process according to any of claims 2 
to 8 and including the additional steps of 
separating the pre-wetted phosphatic 
material and supernatant, adding a portion 

of the supernatant to the leach liquor in the 80 
stepwise precipitation thereof. 

10. A process according to any of claims 2 
to 9 and including the additional steps of 
adding to the filtrate obtained from pre- 
cipitating and separating calcium phosphate 85 
sufficient sulfuric acid, soluble salt of 
hydrochloric or nitric acid and water to- 
reconstitute the leach acid mixture and con- 
tinuously recycling the treated filtrate to 
contact additional phosphate-containing- 90 
mineral material. 

11. A process according to any of the 
preceding claims, wherein the phosphatic- 
contaming-mineral material is as-mined 
phosphatic ore. 95 

1 2. A process according to any of claims 1 
to 10, wherein the phosphatic-containing- 
mineral material is phosphate rock. 

13. A process for chemically leaching 
phosphate values from phosphatic-mineral- 100 
containing material, containing also 
calcium, as claimed in claim 1 and 
substantially as hereinbefore described. 



For the Applicants, 
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